We present 6 new transits of the system WASP-4. Together with 28 light curves published in the literature, we perform an homogeneous study of its parameters and search for variations in the transit's central times. The final values agree with those previously reported, except for a slightly lower inclination. We find no significant long-term variations in i or R P /R ⋆ . The O − C mid-transit times do not show signs of TTVs greater than 54 seconds.
Introduction
WASP-4b is one of the exoplanets most studied in the literature. Since its discovery ), many observations of this target have been made and several authors have determined the physical properties of the host-star and the exoplanet Winn et al. 2009; Nikolov et al. 2012) . These works reveal that the system is formed by a G7V star with a close-in hot Jupiter (M p = 1.28M J , R p = 1.39R J ) in a circular orbit which transits the star every 1.33 days. WASP-4b is a highly irradiated planet with a radius larger than the one predicted by models (Fortney et al. 2007 ). One possibility is that the ongoing orbital circularization provides the heat needed to inflate the planet (Beerer et al. 2011 ).
The transit timing variations (TTVs) technique has become a very promising method to estimate the mass of a non-transiting planet when it is not possible to get radial velocity measurements (Holman & Murray 2005) . Since the time between transits of a single planet should be constant, variations in this time can be due to the gravitational interaction with another planet in the system. If both planets show transits, it is possible to estimate the radius and mass for each of them, even without spectroscopic observations. In this way, it is possible to determine the densities of planets orbiting late stars. This is one of the key aspects of the TTVs technique.
Different authors carried out TTVs analysis looking for another planetary-mass body in the WASP-4 system without success. However, most of them employed mid-transit times fitted with different models and error treatments. As it has been shown (Southworth et al. 2012; Nascimbeni et al. 2013 ) the lack of homogeneity in the analysis technique can lead to wrong conclusions about TTVs.
In this work we present the light curves of 6 new transits of WASP-4b obtained with telescopes located in Argentina, and perform an homogeneous study of TTVs, analyzing 34 light curves spanning 6 years of observations. For all these transits we employed the same fitting procedure and error treatment to obtain consistent photometric and physical parameters of the star and the exoplanet.
In Section §2 we present our observations and data reduction, in Section §3 we describe the procedure used to fit the light curves and the parameters derived for the 34 transits. In Section §4 we discuss the new calculated ephemeris. In Section §5 we compare the results obtained with the fit provided by the Exoplanet Transit Database and, finally, in Section §6 we present the conclusions.
Observations and data reduction
We observed 6 transits of WASP-4b between October 2011 and July 2013 employing two different telescopes: the Horacio Ghielmetti Telescope (THG) located at the Complejo Astronómico El Leoncito in San Juan (Argentina), and the 1.54 m telescope located at the Estación Astrofísica de Bosque Alegre (EABA, Córdoba, Argentina). One of these transits was observed with both telescopes simultaneously. In the analysis, we considered these two measurements as independent. In Table 1 we show a log of the observations. The THG is a remotely-operated 40-cm MEADE -RCX 400, with a focal ratio of f /8. The instrument is currently equipped with an Apogee Alta U16M camera with 4098 × 4098, 9 µm pixels, resulting in a scale of 0.57"/pix and a 49'×49' field of view. At the EABA, we used the 1.54 m telescope in the Newtonian focus, equipped with a 3070 × 2048, 9 µm pixels Apogee Alta U9 camera. This camera provides a scale of 0.25"/pix and a 8'×12' field of view. For four transits, we employed the Johnson R filter available at both sites, while for the remaining two we made the observations without filter.
At the beginning of each observing night the computer clock was automatically synchronized with the GPS. The central times of the images were expressed in Heliocentric Julian Date based on Coordinated Universal Time (HJD U T C ). Whenever possible, we observed 90 minutes before and after each transit to obtain a large number of out-of-transit (OOT) data-points to correct possible trends in the light curves. We took 10 bias frames, 8 dark frames and between 15 and 20 dome flat-fields. We averaged all the biases and median-combined the bias-corrected darks. Finally, the bias-and dark-corrected flats were median-combined to generate a master flat in the corresponding band. All the images were processed using standard IRAF 1 tasks.
To obtain instrumental magnitudes with aperture photometry, we developed an algorithm called FOTOMCC. This is a quasi-automatic pipeline developed for the IRAF environment using the DAOPHOT package. Initially, FOTOMCC employs a reference image, previously selected by the user, to identify the centroids of the stars in all the images. The optimal size for the aperture is chosen through the growth-curves technique (Howell 1989) . Specifically, we adopted the aperture size for which the star magnitude was stable at the level of 0.001 mag. The thickness of the sky-subtraction area was set to 5 pixels. The magnitude errors were those provided by the DAOPHOT task.
To carry out the differential photometry, for every image we first subtracted from the magnitude of the science star the one of each star in the field. Then, we computed the standard deviation of all the magnitude differences obtained in this way and we selected those stars which gave the light curves with the lower sigma. With the selected stars we built a master star whose magnitude and error were the average magnitude and error of all the chosen stars. The final light curve was built by the subtraction of the magnitudes of Light curves present smooth trends mainly originated by differential extinction and/or spectral type differences between the comparison and the target star. To eliminate these slow variations we fitted a Legendre polynomial to the OOT data-points and modified its order until the dispersion of the residuals was minimum. In almost all cases we used a second-order fit, although in some cases a lower dispersion was found by fitting a straight line. Finally, for each light curve we removed the fit from all the data (including transit points) and normalized the OOT to unity. In Figure 1 we present our six light curves, and the best-fit to the data. Errorbars are also shown.
Archival light curves
To study TTVs and for the parameters determination we also included all other transits reported values, except for log g which is slightly lower (e.g. Doyle et al. 2013 ).
These stellar parameters were adopted as initial input for the program JKTLD 3 , which calculates theoretical limb-darkening coefficients by bilinear interpolation of the effective temperature and surface gravity using different tabulations. In particular, we employed the tabulations provided by Van Hamme (1993) and Claret (2004) . For those transits observed with no filter we used bolometric limb-darkening coefficients.
All the light curves were fitted using the JKTEBOP code 4 . This code models the light curve of a system of two components by performing numerical integration over the surface of concentric circles, under the assumption that the projection of each component is a biaxial ellipsoid. It employs the Levenberg-Marquardt optimization algorithm to get the best-fitting model. One of the advantages of JKTEBOP over other fitting models is that it considers small distortions from sphericity. Since WASP-4b is a bloated planet, this program can give more realistic parameters from the observed data.
For each transit, we ran JKTEBOP following the same fitting procedure: 1) We assumed as free parameters: the inclination of the orbit (i), the sum of the fractional radii 5 (r ⋆ + r P ), the ratio of the fractional radii (k = r ⋆ /r P ) and the mid transit time (T 0 ). We fitted every light curve with the linear, quadratic, logarithmic and square-root limb-darkening laws. For each case, we tried with a) both coefficients fixed, b) the linear coefficient fitted and the nonlinear fixed and c) both coefficients fitted. Finally, we adopted as the best model for a given transit the one which minimizes the χ 2 of the fit and gives realistic parameters.
tbf 2) For a few transits, the convergence of some of the adjusted parameters was not achieved in 1). In these cases, assuming the limb-darkening law obtained in the first step, we iterated JKTEBOP taking as initial parameters of each iteration those obtained in the previous one. This process was repeated until convergence.
3) For the solution achieved in 2), we first multiplied the photometric errors by the square-root of the reduced chi-squared of the fit to get χ 2 r = 1. Then, we ran the three algorithms available in JKTEBOP: Bootstrapping and Monte Carlo simulations and Residuals Permutation (RP), which takes red noise into account. For the first two options we performed 1000 iterations. We conservatively adopted as the final errors of the parameters the largest values given by these algorithms. We adopted as the final value for every parameter the median of those obtained for every transit (except for T 0 , see §4). We adopted as the final error the asymmetric uncertainties σ + and σ − of the selected distribution, since they are based on the empirical data and are more realistic than those derived by a Gaussian distribution of the parameters.
5 r ⋆ = R ⋆ /a and r P = R P /a are the ratios of the absolute radii (of the star and the exoplanet respectively) to the semimajor axis.
Physical parameters
The physical parameters were determined using standard formulae (Southworth 2009 ) implemented in the JKTABSDIM code 6 . This code requires as input the measured quantities: i, r ⋆ , r P , the orbital period P , the velocity amplitudes of the star and the exoplanet, K ⋆ and K P respectively, the eccentricity e, T ef f ) for the star. Then, we evaluated the figure of merit:
We repeated this process until finding the value for K P which minimizes Eq. (1). In order to avoid any dependence with the stellar-model, we performed this analysis for 4 different sets of stellar models: Y 2 (Demarque et al. 2004 ), Padova (Girardi et al. 2000) , Teramo (Pietrinferni et al. 2004 ) and VRSS (VandenBerg et al. 2006) . We adopted as the final value for K P the average of the amplitudes given by each model, and the standard deviation as the error of the velocity. Finally, the solution for the system was determined using the JKTABSDIM code. From this procedure, we also estimated the age of the system considering series of models bracketing the lifetime of the star in the main sequence.
6 http://www.astro.keele.ac.uk/ jkt/codes/jktabsdim.html.
7 The error considered as input was the larger between σ + and σ − .
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The resulting physical parameters of the star and the planet obtained for each transit are listed in Table 2 . For the exoplanet, the surface gravity was calculated with: (Southworth et al. 2007 ) and the modified equilibrium temperature as:
(Southworth 2010). Therefore, both g P and T ′ eq are independent of the stellar models. We performed a weighted average of all the measurements to obtain the final value for each parameter, and the uncertainty was determined as the standard deviation of the sample. Table 3 shows the final values and errors calculated for the photometric and physical parameters of the star and the exoplanet. All these are in good agreement with previous determinations, except for a slightly lower inclination.
The presence of a perturber in the system could produce long-term variations in these parameters (Sartoretti & Schneider 1999 , Carter & Winn 2010 . Considering that our data comprises 6 years of observations, we studied the long-term behaviour of i and R P /R ⋆ (Fig   2a and 2b) . We found that these parameters remain constant within the ±1σ error of the weighted average, except for the outlier data-point in i corresponding to the epoch 1307, which could have been caused by variable observing conditions such as the presence of cirrus clouds during that night.
Transit ephemeris and timing
We transformed the central times of all the observations to BJD T DB (Barycentric Julian Date based on Barycentric Dynamical Time) with the Eastman et al. (2010) online converter. For the amateur light curves, we contacted the observers when extra information was needed. For the mid-transit times we adopted the mean values obtained in Section §3, and considered the symmetric errors (±σ) given by the algorithm with the largest uncertainty. In most cases, the error obtained with the RP method was the largest, indicating the presence of red noise in the data (Pont et al. 2006 ). This implies that there are correlations between adjacent data points in a light curve, reducing the number of free parameters. The existence of red noise leads to an underestimation of the errors in the adjusted parameters which, in turn, might cause an inaccurate determination of the central time of the transit. The red noise can be quantified with the factor β = σ r /σ N , defined by Winn et al. (2008) . Here, σ r is obtained by averaging the residuals into M bins of N points and calculating the standard deviation of the binned residuals, and σ N is the expected deviation, calculated by:
where σ 1 is the standard deviation of the unbinned residuals. Considering that the duration of the ingress/egress of the WASP-4b transits is about 20 minutes, we averaged the residuals in bins of between 10 and 30 minutes and calculated the parameter β for each case. Finally, we used the median value as the red noise factor corresponding to that light curve. In the absence of red noise, we expect β = 1. For these transits β ranges from 0.58 to 2.36.
The whole sample of mid-transit times presents 2 big outliers corresponding to the epochs 298 and 1085. The first transit was obtained from the ETD. In the latter case, we believe there was a failure in the computer clock. We did not considered these points for further analysis. Therefore, we determined the ephemeris in three different ways: a) considering all the 32 remaining transits, b) excluding the incomplete transit (indicated in Since there are no differences in T 0 , the inclusion of partial transits, or those obtained with large red noise, does not affect the calculation. We adopted the ephemeris given by the sample a) including all the transits.
With the new ephemeris, we calculated the O − C mid-transit times, which are shown in Figure 2c . Except for the already mentioned outliers, all differences are within the ±1σ error. The RMS of the data is 54 seconds. We ran a Lomb-Scargle periodogram (Horne & Baliunas 1986) to the data, excluding the 2 big outliers, and no significant peak was found.
Comparison between JKTEBOP and the fitting model in the ETD
For the light curves taken from the ETD, we compared the mid-transit times obtained with JKTEBOP and those given by the ETD, which provides an automatic fit, modeling the photometric data with the function (Poddany et al. 2010) :
where m(t i ) are the relative magnitudes taken at the times t i , N is the number of data-points, t mean = t i /N is the mean time of the observations, z is the projected relative-separation of the planet from the star, p is the ratio of the planet to star radii and the star as the planet transits. This model assumes a linear limb-darkening law with the coefficient c 1 fixed at an arbitrary value of 0.5. The user has the possibility to fit or maintain fixed the mid-transit time, the duration and the depth parameters. The coefficients of Eq.
(5) are calculated using the Levenberg-Marquardt non-linear least-squares algorithm from Press et al. (1992) . The optimal parameters are determined by iterating the procedure until the difference between two successive values of ∆χ 2 is negligible.
We fitted the three parameters simultaneously and converted the resulting HJD U T C mid-transit times to BJD T DB . In Figure 2d we show the differences between the central times determined in both ways. The errorbars are those derived using the ETD model. The differences are as large as 1.5 minutes. We believe these disagreements are due to the very simple limb-darkening law assumed in the ETD fit. In any case, these differences point out to the need to derive the mid-transit times with an homogeneous method, when searching for TTVs.
Summary and conclusions
In this work we present 6 new observations of transits of WASP-4b, observed between 2011 and 2013. Using these observations together with another 28 transits previously reported (including 8 observed by amateurs), we performed an homogeneous study of the system taking into account the realistic possibility of distortions in its components.
The physical parameters of the star and the exoplanet are consistent with previous determinations, except for the inclination which is slightly lower, probably due to the fitting procedure.
In addition, we analyzed the long-term behaviour of different parameters. Except for one outlier in i, and two for the O − C mid-transit times, all these parameters remain stable within the ±1σ error of the weighted averages. The RMS of the mid-transit times is 54
seconds. Therefore, we confirm previous results, and found that the system does not show significant TTVs attributable to the presence of a perturber, a conclusion we expanded with two more years of observations, to a baseline of 6 years. The lack of temporal variations in the rest of the parameters supports this conclusion.
Finally, we report differences as large as 1.5 minutes between the mid-transit times modeled by the fitting programs provided by the ETD and JKTEBOP. Therefore, we believe that the central times provided by the ETD should be used with caution in TTV studies.
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